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Attributes of design for construction waste minimization: A case study of waste-
to-energy project 
 
Abstract 
Despite the consensus that waste efficient design is important for reducing waste generated by 
construction and demolition activities, design strategies for actual waste mitigation remain unclear. 
In addition, decisive roles required of designers in designing out waste remains inadequately 
addressed. As such, this study aims to map out attributes of waste effective design and design 
documents. Drawing on series of semi-structured focus group discussions with experts from the UK 
leading design and construction companies, this paper employs qualitative approach to explore 
design and design document qualities for waste efficient construction projects.   
 
The study suggests that for a design to assist in reducing construction and demolition waste, it needs 
to fulfil five key requisites, while its documentation is expected to fulfil four key requisites. A waste 
efficient design would incorporate standardization and dimensional coordination, employ principles 
in modern methods of construction, provides measures for spatial and components flexibility, make 
provisions for end of life deconstruction and employs techniques in BIM for design coordination. 
Waste efficient design documentation, on the other hand, is characterised by completeness and 
clarity, certainty and timeliness, freedom from error, and incorporation of set of plans and schedules 
that are waste militating. A validation of these findings in a case study of waste-to-energy project 
confirmed that the strategies are essential to preventing construction waste. Measures through which 
design and design documents could achieve the identified waste effective attributes are highlighted 
and discussed.  
 
Findings of this study could assist in understanding a set of measures that should be taken at project 
planning and design stages in order to mitigate waste intensiveness of the construction industry. It 
would as well assist designers in understanding a set of attributes that must be possessed by design 
and design documents in order to design out construction waste. 
 
Keywords: Design out waste; Energy-to-Waste; Design documents; Deconstruction; Buildability; 
Construction waste. 
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1 Introduction 
Construction industry has been a main target for the global sustainability agenda, as it consumes 
large portion of materials taken from nature and generates largest proportion of waste to landfill 
(Paine and Dhir, 2010; Anderson et al., 2003). For instance, a UK report of waste generated per 
industry shows that while construction industry contributes 44% of waste in landfill, commercial 
activities generates as low as 14% and domestic waste contributes only 13% (DEFRA, 2013). This 
huge proportion of construction waste has prompted various legislative and fiscal provisions as well 
as substantial research efforts, which seeks to unravel both causes and strategies for mitigating 
construction waste. Despite these, waste generated by construction activities is continuously 
increasing, irrespective of decrease in those generated by other activities (Ajayi et al., 2015a). Albeit 
this conundrum, existing literatures have consensually established that design stage is very decisive 
in reducing waste generated by construction and demolition activities, thereby suggesting a way 
forward in waste mitigation efforts (cf. Faniran and Caban, 1998; Osmani, 2012; Yuan, 2013; 
Formoso et al., 2008). For instance, Innes (2004) argued that about a third of construction waste is 
design induced. 
 
Notwithstanding this understanding, waste related studies have majorly concentrated on construction 
stage of project delivery (cf. Al-Hajj and Hamani, 2011; Begum et al., 2007; Cha et al., 2009), while 
waste management efforts are largely made during construction activities, when it is almost late to 
prevent waste occurrence. This set of studies and practices have only resulted in such strategies as 
waste reduction, reuse, recycling/recovery and landfilling, which have negative environmental 
impacts, coupled with substantial financial implications (Saraiva et al., 2012; Benjamin, 2010; 
Chong and Hermreck, 2011). In addition, few studies addressing design stages have also failed to 
point out the decisive actions needed to be taken at the design stage in order for it to assist in waste 
reduction. Otherwise, most of the studies have only arrived at the conclusion that design stage and 
designers are important in waste preventing activities; while roles needed to be played by the 
designers remain unaddressed. The strategies through which design could result in waste efficient 
projects are also subjects of scattered findings across literatures, requiring a focussed study on the 
concept. This represents a gap in knowledge, which this study aims to fill. 
 
In addition to the foregoing, reworks and its subsequent waste generation has been closely linked to 
poor documentation of designs (Tribelsky and Sacks, 2011; Thomas et al., 2004). For instance, a 
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comprehensive analysis of design document quality (DQI) suggests that poor design document is a 
major cause of construction reworks (Andi and Minato, 2003). Similarly, a study by Udawatta et al. 
(2015) identified proper design documentation as a key strategy for mitigating waste generated by 
construction activities. However, while these sets of studies have consistently pointed out the 
relationship between waste and documentation of design, strategies for improving waste efficiency 
of design documents remains unaddressed. Thus, there is need to understand how design and its 
document could be properly channelled to enhance construction waste minimization.  
 
The overall aim of the study is to explore the attributes of design and design documents for waste 
efficient construction projects. The study seeks to develop a set of design and its management 
strategies capable of reducing waste during construction activities. In order to achieve this aim, the 
study would fulfil the following objectives. 
 
1. To explore and understand attributes and quality of waste efficient design. 
2. To determine design document qualities capable of reducing waste generated by 
construction activities. 
3. To develop a design and its documentation strategies for engendering waste efficient 
construction projects.  
4. To evaluate and validate findings of the study, using case study of a renewable energy 
project.  
 
Because of epistemological understanding that a poorly conceptualised phenomenon could be well 
developed by suspending all preconditions (Van Manen, 1990), this study employs interpretive 
approach as its methodological framework. The approach avail the study an opportunity to carry out 
an in-depth exploration of waste efficient design and its documentation related criteria through focus 
group discussions.  
 
The paper is structured as followed. The second section of the paper gives an overview of the 
construction and its waste management process. The third section presents the methodological 
approach to the study including data collection and analytic procedures. The fourth section presents 
the thematic data analytical processes as well as the findings of the study. Case study of renewable 
energy project that validates findings of this study is presented in section five. This is followed by 
report and discussion of the findings and its practical implications, after which the study is 
culminated with a summary of the identified issues. Findings of this study is invaluable to designers 
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and design firms seeking to design out waste. It will also assist other consortium members to 
understand areas needed to be strengthened in a bid to reduce waste generated by construction 
activities.  
 
 
2  Construction and its Waste Management  
Construction industry contributes significant portion of the global economy and employs large 
population across the globe. It accounts for 13% of the global economy and contributes annual 
amount of $12trillion, which is projected to reach $15trillion in 2025, according to a year 2013 
analysis by Global Construction Perspectives (GCP, 2013). As at the year 2008, the UK construction  
industry accounts for 8% of Gross Domestic Products (GDP), generates employment for over  three 
million workers and contributes annual value of over £100billion (HM Government, 2008). 
However, the industry is highly fragmented as it seeks to meet demand of its customers within 
limited budget, resources and time frame. As such, a typical project involves several numbers of 
drawings and different professional activities, whose successful coordination is not only important 
for waste minimization, but also for completing the project within budget, expected time, and to the 
desired quality. This significantly contributes to the waste intensive nature of the industry, making it 
contributing largest proportion of waste to landfill. 
 
Irrespective of the party responsible for its causes, construction waste affects entire project cost and 
put heavy burden on the environment. As such, apart from environmental sustainability, reduced 
resource excavation and prevention of several environmental hazards as likely results of waste 
reduction (Yuan, 2013; Anderson et al, 2004), proper waste minimization technique has considerable 
economic benefits. Costs associated with waste include cost of materials purchased, cost of storage, 
removal, transportation and, eventually, the cost of waste disposal and associated penalties (Coventry 
and Guthrie, 1998). These series of cost is usually underestimated in terms of disposal charges and 
penalties, making the financial cost of waste usually understated.  A study by the UK Building 
Research Establishment (BRE, 2003) suggests that successful reduction of UK’s construction waste 
by 5% could result in savings up to £130million. As nations are now running out of landfill sites 
(Poon, 2007), it is clear that pieces of land voted for landfill also contributes considerable loss.  
 
Based on these series of financial and environmental issues associated with waste, and notably as a 
response to Kyoto protocol, significant government legislative and fiscal policies have been made 
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towards diverting waste from landfill sites. In the UK for instance, landfill tax of £82.60 is being 
imposed per unit tonnage of waste disposed and aggregate tax of £2 is payable per tonnage of virgin 
aggregate used. Similarly, designs and construction activities are appraised for sustainability using 
BREEAM and other assessment tools, while the repealed site waste management regulation compel 
SWMP on every project above £300,000 (HM Government, 2008). These set of fiscal and legislative 
provisions have significantly improved the way construction waste is managed (Osmani, 2012) by 
inculcating waste preventive, reuse and recycling habits in construction professionals.  
 
Corroboratively, various efforts have been made by researchers who employed different 
methodological tactics in studying cutting-edge approaches to waste management. With the help of 
industry experts, a set of studies (e.g Tam et al., 2005; Treolar et al., 2003; Formoso et al., 2002; Lau 
et al., 2008) used case studies of construction projects to identify waste efficient practices. Others 
(e.g. Al-Hajj and Hamani, 2011; Osmani et al., 2008; Yuan, 2013, Begum et al., 2007; Wang et al., 
2014; Oyedele et al., 2013; Faniran and Caban, 1998) surveyed practitioners’ opinions towards 
understanding waste causative factors and effective mitigation practices. These set of studies have 
furnished the industry with series of waste management measures that could be taken during 
construction activities. However, little has been achieved in terms of what measures should be taken 
to enhance waste minimization through design activities. In addition, studies have only pointed out 
that design document 
 
Notwithstanding this oversight, the cause and effect within the stages of project lifecycle are so much 
interrelated that mistakes made in earlier stage would affect the subsequent ones (Sterman, 1992; 
Oyedele and Tham, 2007). Whilst designers usually claim that their activities has little to do with 
waste, as it occurs onsite (Osmani et al., 2008), it has been reasonably proved that design and 
schedule are major activities that eventually result in waste (Faniran and Caban, 1998; Love et al., 
2008). In addition, studies have also suggested that reworks and subsequent waste generation is 
usually induced by errors in design document (Love et al., 2008). This suggests that holistic waste 
management effort would not only consider all stages of project lifecycle, significant attention must 
be given to the design stage, where most waste reductive measures could be taken. It is as well 
important that adequate attention be given to design document in order for it to enhance waste 
minimization in construction projects (Udawatta et al., 2015).  
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3 Methodology 
Notwithstanding the consensus that construction waste could be adequately minimized through 
design activities, design strategies capable of engendering low waste projects remains inadequately 
unexplored. In order to map out design strategies for waste mitigation, this study employs focus 
group discussion as a result of its epistemological and methodological standings. From 
epistemological point of view, phenomenological approach is suitable when a researcher seek to 
have an in-depth exploration of a poorly understood or widely neglected phenomenon (Holloway and 
Wheeler, 1996). This research approach avails an opportunity to interpret the meaning of experience 
as lived by the research participants in order to gain fresh perspectives (Creswell, 2007). The 
epistemological approach will therefore assist in getting first-hand information from industry 
practitioners (Jasper, 1994), thereby mapping out design strategies for waste mitigation. In line with 
illustrated procedure for phenomenological research (Moustakas, 1994), the researchers’ experience 
were bracketed out in order to collect data from different participants who have adequate knowledge 
and experience of the phenomenon.  
 
Methodologically, focus group discussions allows a detail exploration of intersubjective opinions 
among the participants (Wimpenny and Gass, 2000). It allows the participants to build on each 
other’s opinions throughout the course of encounter (Kvale, 1996). In this case, this data collection 
technique is preferred to quantitative approach, as it allows exploration of new concepts rather than 
limiting the participants to a set of factors, which might not be exhaustive enough. This is generally 
in line with phenomenological perspective, which allows the use of in-depth interview or focus 
group interviews with multiple participants (Creswell, 2013). In all, the study involved four focus 
group discussions with designers, design managers, waste managers/lean practitioners and 
contractors/project managers. The participants have their years of experience ranging from seven to 
21 years, and they are from various design and construction firms ranging from small to large 
organisations. The participants have been involved in project coordination in the last five years and 
they are employees of firms involved in design and/or construction of building projects over the 
years. A total of 24 information-rich experts were involved in the study. This is in line with a general 
recommendation that a phenomenological research requires between five and 20 participants 
(Polkinghorne, 1989). In addition to two members of the research team who served as moderators, 
Table 1 presents the number of research participants in each of the focus group discussions. 
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Table – 1: Overview of the focus group discussions and the participants 
FG Categories of the 
Participants 
Main Focus of the discussions  No of 
experts 
Years of 
experience 
1 
Architects and 
Design Managers 
 Designers approaches for designing out waste  
 Design management approach to prevent waste 
7 7 – 18 
2 
Lean practitioners/ 
Waste Managers 
 Lean thinking in design 
 Design activities that usually result into waste 
6 7 – 20 
3 
Construction Project 
Managers 
 Design activities that usually result into waste  
 Design strategies for waste mitigation 
6 10 – 19 
4 
Civil and structural 
engineers 
 Design activities that usually result into waste  
 Design approach to prevent construction waste 
5 9 – 21 
Total   24  
 
The groups of participants were selected based on critical sampling, as there is need for each of the 
architects, civil/structural engineers, site waste managers and construction project managers to be 
represented. This sampling technique was used based on assertions that it enhances applicability of 
findings to other cases (Creswell, 1998). Both the designers who are at the performing end, and the 
other teams at the receiving end were all involved in the focus group discussions. This is important, 
as evidence shows that while contractors believed that designers are responsible for most waste 
generation, designers opined that waste is site induced and its mitigation is contractors’ responsibility 
(Osmani et al., 2008; Oyedele et al., 2014). Therefore, involvement of the two groups allows 
findings of the study to be built on intersubjective opinions from the two key stakeholders.   
 
Nonetheless, convenient sampling technique was employing in selecting individual participants, 
through researchers’ network of contact within the construction industry. This approach avail the 
researchers an opportunity to select participants that are deemed information-rich for the study 
(Merriam, 1998). Effort was however made to ensure that conveniently selected participants are 
within the professions required for the study. Other studies that have employed this sampling 
technique within the field of construction management include Akintoye et al. (1998), Oyedele 
(2013), Spillane et al. (2012), and Hodgson et al. (2011), among others.  
 
A written invitation, explaining the purpose of the focus group discussions, were sent to the 
participants prior to the meetings. Each of the discussions was also commenced by the need for 
mapping out design strategies for waste mitigation as a means for mitigation economic and 
environmental impacts of waste generation. The discussions were moderated by two members of the 
research team, with each spanning between 75 and 90 minutes and recorded with permissions of the 
research participants.  The voice data were then transcribed and read several times to identify core 
themes in the discussions, using content driven thematic analysis (Morse, 1994), which considers 
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both implicit and explicit ideas emanating from the data (Braun and Clarke, 2006). The analytical 
technique follow a general phenomenological approach where data from the questions analysis are 
evaluated to identify significant statements and sentences that provides understanding of how 
participants experienced the phenomenon (Creswell, 2013). This analytical technique is also known 
as horizonalization (Moustakas, 1994), which is followed by careful development of clusters of 
meaning. As a result of yearning to uncover complex phenomenon, which may be hidden in large 
and unstructured data obtained from the discussions, Atlas-ti qualitative data analysis tool was 
employed. Overall, analytical processes involves data familiarisation within an Atlas-ti Hermeneutic 
Unit, generation of codes, search for themes, review and re-definition of themes as suggested by 
Braun and Clarke (2006).  
 
 
4 Data Analysis and Finding 
This section covers qualitative data analysis and findings from the study. The first part explains the 
process of data analysis, while the second part presents the result from data analysis 
 
4.1 Coding Scheme and Categorization  
In line with the procedure for thematic analysis, coding scheme and final categorization of identified 
factors were based on dominant themes that emerged from the interview script (R). The coding 
scheme enhanced identification of key strategies suggested by the respondents as well as the broad 
categories of measures for designing out waste. Word cruncher facility of Atlas-ti was used to 
facilitate initial data familiarization in order to carry out data driven thematic analysis.  
 
In line with a study by Gu and London (2010), data coding was facilitated by the use of three 
categories of labelling. In addition to the identified comment from transcribed data, the three 
elements are code/super codes, discussions and strategies. Based on initial word crunching, codes 
were used to search through each of the four transcripts of focus group discussions. The discussion 
represents the focus group discussion from which a comment was made, while measures are the 
summed up statement and strategy derived from each comment. Table 2 demonstrates how some of 
the strategies were derived from thematic analysis.  
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After identifying a number of strategies, similar factors were combined together to develop a robust 
measures for designing out waste. Based on this process, nine measures for designing out waste were 
established.  
 
Table 2: Examples of coding data segments 
Code/super 
codes 
Discussions 
Comments(from the data, highlighted by the code) Measures (established 
from the comment) 
Complex(ity) FG3 
You sometimes have complex design, which is 
understandable….however, detailing are more or 
less the same regardless of complexity of design. 
This usually led to errors, reworks and waste 
generation.  
Complex designs are 
adequately detailed to 
prevent confusion 
Deconstruction FG2 
..Largest proportion of landfill waste is generated 
by demolition activities…. Design could be used 
to facilitate end of life waste minimization. For 
instance, deconstruction plan could be produced 
along with construction plan. 
Deconstruction plan as a 
major element in the 
design documents 
Standard  FG1 
A good way of using design to drive waste 
minimization is by ensuring that the sizing of 
spaces considers standard materials supplies….it 
will minimize offcuts.   
Coordinate dimensions of 
building elements based on 
standard material size 
collaborate FG4 
If we could work more collaboratively, design 
clash would be prevented and there would be no 
need for reworks  
Clash that could lead to 
reworks is designed out 
through collaboration 
 
 
4.2 Findings 
This section aggregates and presents findings from the four focus group discussions with the 
industry’s experts. The identified waste efficient design attributes were grouped under five different 
categories. These are (i) standardization and dimensional coordination (ii) design for modern 
methods of construction (iii) flexibility and adaptability (iv) end of life consideration (v) BIM 
coordination.  The experts posit that by possessing the itemised features, design will support waste 
minimization/prevention during construction activities. Similarly, it was raised that by addressing a 
set of measures with respects to design documents, construction waste would be minimized.     The 
attributes that are capable of enhancing waste efficiency of design documents are (i) completeness 
and clarity, (ii) Certainty and timeliness, (iii) error-free and, (iv) inclusion of waste scenario plans. 
Table 3 presents findings from the focus group discussions based on above categories. 
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Table 3: Attributes of waste efficient designs and design documents 
Key features Waste effective attributes of design and design documents  
Focus Groups 
1 2 3 4 
Design for 
Standardization and 
dimensional 
coordination 
1. Detailing of the building elements are simple and clear for site use      
2. Complex designs are adequately detailed to prevent confusion       
3. Building forms and layout are standardized       
4. Drawings considers and integrate site topography and existing utilities       
5. Coordinate dimensions of building elements based on standard material size       
6. Tiles layout is optimized in conformity with design shape       
7. Specify full height door or door with fanlight to avoid cutting       
8. Standardize doors, windows and glazing areas based on size of fittings       
9. Avoidance of overly complex design, where possible, to avoid offcuts       
Design for modern 
methods of construction 
10. Specification of structural prefabricated materials      
11. Modular coordination of building elements      
12. Design for preassembled components such as bathroom & kitchen pods       
13. Specify the use of efficient framing techniques       
14. Employ volumetric modular design principles        
Design for flexibility 
and adaptability  
15. Design for standard dimensions & units to ensure reusability of the spaces       
16. Specify durable materials to avoid need for early replacement      
17. Design for changes and flexibility through collapsible partition        
Design for end of life 
18. Produce disassembly and deconstruction plan of the building       
19. Specify the use of joint system instead of the usual gluing and nailing      
20. Specify the use of modular system that support disassembly        
BIM Coordination 
 
21. Techniques in BIM and IPD are employed for design coordination     
22. Adequate information is provided through collaborative BIM platform     
23. Clash that could lead to reworks is designed out through collaboration      
24. As built end of life deconstruction guide is supplied in BIM model     
Completeness and 
Clarity 
25. Design documents provide all required information     
26. Design documents are legible and easily read/interpreted by all parties      
27. Design documents incorporate site conditions and topographical information     
28. Design documents employs conventional language understandable by all      
Certainty and timeliness 
of design document 
 
 
29. No change or amendment is required of the design documents      
30. Documents are supplied as at when required to prevent delay& make-do      
Error free 
documentation 
31. Drawing documents are free of errors that could lead to reworks      
32. Specifications are detailed and devoid of under/over ordering      
33. Design from all trades are adequately coordinated to prevent clash     
Waste scenario plan 
34. Waste management plan is prepared along with design     
35. Deconstruction plan as a major element in the design documents       
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5 Case Study of a Renewable Energy Project 
A case study of a renewable energy facility was used to evaluate significance of identified 
strategies for designing out waste. The facility was designed to manage residual waste by 
generating energy from the waste, which could have ordinarily ended up in landfill. The 
motivation behind the project is prevention of negative environmental effects associated with 
waste landfilling, including generation of greenhouse gases that contributes to climate 
change. Apart from prevention of greenhouse gases, the energy from waste project helps in 
generating heat and electricity energy, thereby converting waste into energy. Table 4 
summarises key features of the project.  
 
Table 4: Key Features of the case study project 
Features Project specification  
Project Construction  of energy to waste facility 
Cost Approximately £50,000,000 
Location England, UK 
Duration 2 years 
Procurement route PFI/PPP 
 
The waste from energy project is a type of incineration involving burning of waste at higher 
temperature to generate electricity and for heating, usually by turning steam turbine. 
Materials that failed to burn at its usual temperature of about 850oC, such as glasses, are 
collected at the bottom of its chamber and they are referred to as bottom ash. In addition to 
generation of heat and electricity for consumption, energy from waste facility was also 
designed to generate fly ash, which replaces proportion of cement in concrete.  
 
As the project was designed to mitigate environmental impacts of waste generation, 
construction waste minimization was set as a key performance indicator for the project. 
Based on this, the project team adopted the confirmed strategy as a means of driving waste 
minimization in the waste to energy project. Waste output of the project in comparison with 
similar projects is suggests that implementation of the identified strategies could substantially 
drive waste minimization in construction projects. Using the UK BRE’s SMARTWaste 
system, average waste generated per £100,000 of project cost is 14.7 tonnes for industrial 
buildings (WRAP, 2011). However, through implementation of strategies reported in this 
study, the waste-to-energy project generated approximately 5.7tonnes of waste per £100,000 
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spent on the project. This represents a high level of waste efficiency that is driven by holistic 
approach for designing out waste. The finding confirms claims by Innes (2004) who argued 
that design strategy is capable of reducing waste by up to 33%.  
 
 
6 Discussions 
As presented in table 3, a number of design strategies are requisite to achieving low waste 
construction projects. These sets of strategies are discussed in this section. 
 
6.1 Design for Standardization and Dimensional Coordination 
Coordination of design dimensions and specification of standard materials would not only 
improve constructability of buildings, it would also help in preventing avoidable off-cuts, 
which could lead to waste. Constructability of a building is a key factor that measures the 
extent to which efficient construction is factored into design and design processes (Mbamali 
et al., 2005). It has been reasoned that design teams are expected to take a leading role in 
ensuring buildability and constructability of their projects (Lam et al., 2006). Improved 
buildability of a design is not only required for early project completion and resource 
efficiency (Lovell, 2012), it is a proven way through which construction waste could be 
reduced (Yeheyis et al., 2013; Yuan, 2013b). Architects and design managers stress that: 
 
 “By coordinating dimension of designs, it would be easy to specify standard 
materials readily available, while little off-cutting, chiselling and other waste 
producing activities would be reduced”.  
 
On a similar note, Crawshaw (1976) suggests that a discrepancy of 10mm in one dimension 
would not only affect contractors’ programmes, it could cost up to £3,000 in reworks. As 
such, it is important that whilst error is prevented in dimension, design should also be 
standardized to avoid unnecessary offcuts. In a similar note, WRAP (2009) recommends 
standardization of building forms and layout and the use of full height doors as a means of 
reducing construction waste. This is in line with this study, which posits that apart from 
preventing errors in design, individual elements of the buildings are to be standardized based 
on market size of the materials. For instance, window and glazing area as well as door 
openings should be appropriately sized. A contractor stressed that: 
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“You can imagine if 30mm gap has to be sizzled out of every door and window 
openings in a multi-storey building, this will result in huge volume of waste”.  
 
In line with this study, other authors have recommended dimensional coordination and 
standardization of building elements as an optimal means of reducing construction waste 
(Dainty and Brookes, 2004; Ekanayake and Ofori, 2004; Baldwin et al., 2007; Alshboul and 
Ghazaleh, 2014). It is expected that buildings are designed in response to site topography to 
avoid excavation waste (Yuan, 2013B), complex designs are adequately detailed to improve 
buildability (Negapan et al., 2013) and structural grid and planning grid are properly 
coordinated (WRAP, 2009). The respondents also stressed that: 
 
“The use of standard elements and modular unit would not only reduce waste due 
to offcuts…, it would also ensure that building elements are readily reusable in 
other projects….this would therefore prevent demolition waste”. 
 
Thus, it is not only important that designers address dimensional coordination of the building 
elements, spaces and elements need to be standardized in design. This would result in 
reduction of both construction and end of life waste. 
 
6.2 Design for Modern Methods of Construction (MMC) 
MMC usually refers to building construction technique whereby buildings are factory 
manufactured and site assembled (Lovell, 2012). It involves a situation whereby various 
components of the building are manufactured in controlled factory environment and are 
transported to the site, where the components are assembly. On the other hand, innovative 
onsite building technologies are also sometimes referred to as MMC (Nawi et al., 2014). 
 
The respondents believed that designing for MMC have a great tendency of reducing waste 
generated by the industry. These measures include designing for modular construction, 
prefabrication and preassembled components as well as the use of modern low waste 
techniques such as dry wall partitions. A respondent asserts that: 
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“By adopting modern method of construction and other low waste technologies, 
complexities that result in waste could be reduced”.  
 
Another respondent added that: 
 
The so-called modern methods of construction could be more expensive. However, 
they are not only waste effective; they also speed up construction process. 
This position is also buttressed by earlier studies, which posit that adoption of modern 
methods of construction, such as offsite construction and prefabrication of building 
components, significantly reduces construction waste (Cf. Dainty and Brooke, 2004; Al-Hajj 
and Hamani, 2011). For instance, Jaillon et al. (2009) suggests that construction waste could 
be reduced by up to 84.7% when prefabrication and modular technology is used. Tam et al. 
(2007) also claimed that waste output of a construction project could be reduced by 52% by 
specifying and using prefabrication system. All these suggest that apart from supporting 
constructability and deconstructability of buildings, prefabrication and modular technologies 
would assist in significant waste reduction (Formoso et al., 2002; Oyedele et al., 2013). It is 
therefore important that designers consider the MMC while designing, as the methods are 
proven waste efficient (Yuan, 2013; Kozlovska and Splsacova, 2013). 
 
6.3 Flexibility and Adaptability of design 
In order to reduce waste generated by the construction industry, designers’ waste 
management measures should go beyond immediate construction activities and current use to 
which the building is put. It is important that buildings be designed for flexibility and change, 
in a way that building modification and change in spatial configuration will result in minimal 
waste. This is particularly necessary as evidence suggests that substantial proportion of waste 
generated by the construction industry is as a result of renovation works (Esin and Cosgun, 
2007). In line with this, respondents argue that:  
 
“If buildings are made responsive and easily adaptable to change, it would 
prevent demolition waste that could accrue from remodelling and modifications”. 
 
Similarly, McKechnie and Brown (2007) and Yuan (2013b) suggest that design should be 
made so flexible that future change in its spatial configuration would result in less 
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modification, and subsequently less waste. Accordingly, the respondents suggest that 
specification of durable materials would as well reduce incessant replacement of building 
elements. Therefore, durability of the building materials, flexibility of building spaces, and 
deconstructability of the whole building at the end of its lifecycle should be well thought out 
by the designers (Ajayi et al., 2015). These would assist in reducing waste generated by 
construction and demolition activities. 
 
 
 
6.4 End of life consideration 
Despite the common knowledge that building demolition waste constitute a larger portion of 
total waste generated by the construction industry, less is being done to reduce the end of life 
waste. The reason for this oversight is not far-fetched. The respondents posit that:  
 
“Since demolition might not occur until probably after 60years, most people see 
no reason why they should waste time preventing it. After all, they are not being 
paid for it, and it is not even part of design contract” 
 
However, it was consensually agreed that by planning for deconstruction right from design 
stage, waste generated by the industry would be substantially reduced. Meanwhile, designing 
for deconstruction is recognised as one of the five spectrums through which waste could be 
designed out in construction projects (WRAP, 2009). It involves careful planning, designing 
and selection of building materials in such a way that the building would support selective 
demolition of the building elements (Saghafi and Teshnizi, 2011). Respondents argue that: 
 
 “Although the construction industry is waste intensive, the proportion generated 
by demolition activities is far higher than those generated by actual 
construction… It is important that we plan for deconstruction through design and 
construction activities” 
 
“Designers could enhance deconstructability of buildings by specifying joint 
system instead of gluing or nailing…….it will also be helpful for demolition 
engineers if there is disassembly plan” 
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It is therefore clear that careful planning for buildings to support deconstruction at the end of 
its lifecycle would reduce waste generated by the industry. This finding buttressed earlier 
studies by Oyedele et al. (2003) which suggests that in order to reduce landfill waste, there is 
need that deconstruction plan becomes part of design documentation. Thus, a major attribute 
of waste efficient design is the extent to which deconstruction has been factored into it. 
 
 
6.5 Use of BIM for design coordination 
Due to its fragmented and dynamic nature, construction activities usually involve series of 
errors capable of influencing project success. When error occurs, it leads to reworks, which in 
turns affect project cost and results into waste. Although cost of reworks has significantly 
reduced from 30% around 1970s (Crawshaw, 1976), it still accounts for about 5% of project 
costs (Hwang et al., 2012). Significant causes of construction error are incorrect or 
inadequate design document (Oluwaseun and Olumide, 2013), lack of dimensional 
coordination (Crawshaw, 1976), ineffective project communication and coordination, 
inconsistent procurement documentation, unclear allocation of responsibilities (Osmani, 
2012), document delay (Koskela, 2004), and non-involvement of contractors in design 
decisions (Arain et al., 2004). 
 
As the adoption of BIM is becoming commonplace within the construction industry, 
respondents posit that the use of BIM for design coordination is essential to reducing waste 
generated by construction activities. Respondents assert that: 
 
By employing BIM for design coordination, design clash that usually lead to 
reworks and waste would be greatly reduced. 
 
Most of the design-induced waste could be traced to inadequate information 
sharing among the project team. If we channel BIM properly, this could be well 
reduced. 
 
As a technologically driven collaborative platform, Building Information Modelling is 
capable of enhancing digital representation, collaborative production, storage and sharing of 
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building information. This ensures that building information are kept updated throughout its 
lifecycle, thereby enhancing end of life deconstruction and reusability of the building 
elements. Apart from its capacity to prevent immediate clash and ensure end of life 
deconstruction, the use of BIM would also enhance information sharing and early 
collaboration among project stakeholders, thereby foreseeing likely causes of waste (Ajayi et 
al., 2014). Similarly, as most error at construction stage is usually due to contractors’ poor 
knowledge of the design and its documentation (Dainty and Brooke, 2004), the use of BIM 
would ensure early contractors’ familiarization and contribution to design. 
 
 
6.6 Completeness and Clarity of design document 
Quality of design documents have great impacts on overall effectiveness of the build process 
(Andi and Minato, 2003; Gann et al., 2003). It also have tendency of influencing waste 
generated by construction activities. For instance, design errors and wrong detailing have 
tendency of resulting in construction errors, which will in turns lead to reworks (Faniran and 
Caban, 1998). As such, completeness and accuracy of design documents is important to 
reducing waste generated by construction activities.  Strong indications emerged from focus 
group discussions that: 
 
“Detailing of the design, accuracy and completeness of the whole design 
documents will surely affect the waste output of a project”. 
 
This is because; design documents do not only affect buildability of the project, its 
comprehensiveness and accuracy would go a long way in preventing errors that could lead to 
reworks (Formoso et al., 2002). Civil/structural engineers and project managers posit that: 
 
 
“One of the most common problem we encounter is when the design document 
failed to incorporate site conditions such as topography and other unique 
features”.  
 
Therefore, it is not only important that design documents provide adequate information, it is 
required that it employs conventional language and incorporate all features that are site 
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specific. It is vital that design documents are legibly presented (Andi and Minato, 2003; 
Baldwin et al., 2007) in consistent detailing language and format, easily understood by all 
trades involved in the project lifecycle. 
 
 
6.7 Certainty and timeliness of design documents 
Design change is one of the major activities that contributes to waste intensiveness of the 
construction industry (Faniran and Caban, 1998; Ekanayake and Ofori, 2004). This is usually 
as a result of errors that requires amendment to the design, need to work within a realistic 
budget or as a result of owners’ change in requirement. As such, a major feature of waste 
efficient design is that it incorporates adequate measures capable of preventing design 
change. This means that efforts should be made to ensure that design is made for the targeted 
budget and should be devoid of errors, which could otherwise require amendments. In order 
to avoid make-do waste, which is a result of late supply of essential design information 
(Koskela, 2004), it is expected that designs be supplied to time. A respondent posit that: 
 
“What would you expect to happen if you are working on a site with inadequate 
design document? If we are truly committed to waste reduction, it means we 
should not start construction until we are sure that the design is complete and 
adequately detailed”. 
 
This would ensure that construction activities are carried out with a freeze design documents 
and adequate information, thereby preventing errors that could otherwise result into reworks 
and subsequent waste.   
 
 
6.8 Error free documentation 
Apart from architects, civil/structural engineers and design managers, other respondents also 
opined that error and ambiguity of design documentation is, arguably, a major cause of waste. 
This was similarly echoed by Osmani et al. (2008) who identify design error as one of the 
activities leading to reworks. It is expected that latest technology such as BIM is used in 
coordinating and integrating designs from all trades (e.g. M&E, architecture, structure, etc.) 
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to avoid clash and trade based errors and discrepancies (Domingo et al., 2009). One 
respondent submits that:  
 
“With latest trends in BIM, I think we are moving closer to a stage where 
construction industry will generate less waste. If it is employed in coordinating 
designs from all parties, we would be able to sort out issues of design clash, 
which is a major cause of rework and waste”. 
 
Others opined that: 
 
“Waste prevention should start from accuracy and clarity of design documents. It 
should be clear of errors… Specification and detailing should be clear and free 
from error… and the documents should be finished to time….”  
 
Specification as an important document usually prepared as part of design process has a 
decisive influence on waste output of construction project. As echoed in the focus group 
discussions, if the issue of over-ordering, under-ordering and over-allowance were well 
addressed in schedule and specification document, less waste would be produced on 
construction sites. In similar studies, Begum et al. (2009), Oyedele et al. (2003) and Osmani 
(2013) considered inadequate specification as a major cause of waste in construction project. 
It is therefore important that design and specification documents be accurately prepared in 
order to prevent waste that could arise from deficiencies in design documentation. 
 
6.9 Inclusion of waste scenario plans 
Across all the focus group discussions, strong indication emerged that several design 
documents usually lack substantial information required for successful construction exercise, 
thereby leaving the contractors with guesswork and subsequent waste generation. It is 
expected that adequate design information be provided in the design document to ensure that 
subsequent businesses are carried out with less waste (Khanh and Kim, 2014). Current 
industry practices lack provision for preparation of deconstruction plan. However, the focus 
group discussants suggest that, like normal building plan, deconstruction plan is expected to 
become an integral part of design documentation. This was similarly echoed by Oyedele et al. 
(2013) who reasoned that design document remains waste inefficient until SWMP and 
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deconstruction plans are prepared. As such, while conventional drawing documents are 
prepared with adequate information, inclusion of other documentations could enhance its 
waste effectiveness. In line with this study, bar bending list was suggested by Al-Hajj and 
Hamani (2011) as required parts of waste preventive design documents. As the documents 
would assist in guiding construction and deconstruction activities, it is clear that they have 
tendency of reducing waste generated by construction and demolition activities.  
 
 
7 Conclusion 
Despite the consensus that waste efficient design is important for reducing waste generated 
by construction and demolition activities, design strategies for actual waste mitigation 
remains unclear. In addition, decisive roles required of designers in designing out waste 
remains inadequately addressed. As such, this study employs phenomenology approach in 
determining attributes of waste effective design and design documents. The study suggests 
that for a design to assist in reducing construction and demolition waste, it needs to fulfil five 
key requisites, while its effective documentation requires four key requisites.  
 
For a design to be deemed waste efficient, it is expected to incorporate principles of 
standardization and dimensional coordination by ensuring that sizing of spaces and building 
elements conform to available standard size of materials and site-specific features, thereby 
minimizing offcut. In addition, employment of the principles in modern methods of 
construction, provisions for end of life deconstruction and incorporation of measures for 
spatial and components flexibility in design would enhance buildability and 
deconstructability of the buildings, as well as reusability of its elements, thereby increasing 
its lifecycle waste efficiency. Coordination of the design through techniques in BIM would 
also help in preventing waste inducing occurrences such as design clash, inadequate 
information and poor collaboration. Apart from being error free, design documents are meant 
to be characterised by completeness and clarity, which defines its provision of adequate 
information, use of conventional detailing language/format and incorporation of site-specific 
conditions. While including plans and schedules that are potentially waste militating such as 
deconstruction plan, certainty of the documented design and its supply to time are essential 
features of waste efficient design documents.  
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The study has implication for design practices as well as overall project planning and 
management. At the planning level, the study advocates a total shift from waste intensive 
techniques to waste effective construction strategies. This involves the use of such measures 
as prefabrication techniques, flexible design, pre-assembled components, as well as modular 
design principles, which are all proven waste effective strategies. Shifting towards these 
techniques would therefore enhance constructability and deconstructability of buildings, 
which are important for construction and demolition waste minimization. Being the main 
driver of the build process, designers should address overall aspects of constructability, 
deconstructability and reusability of the building elements right from design. By considering 
standard materials sizes in design, materials offcut as well as other waste intensive activities 
such as chiselling, cut-corners and so on would be reduced. With design documents being 
capable of influencing construction waste, careful attention needs to be given to accuracy and 
comprehensiveness of design documents. It is not only important that design documents are 
accurate and error free, it is expected to be characterised by completeness and clarity, 
certainty and timeliness and incorporation of set of plans and schedules that are waste 
militating. 
 
As this study only involved an in-depth exploration of phenomenon with qualitative data, 
other studies employing quantitative data could widen the breadth of its findings and 
determine its generalizability. Transferability of the findings of this study to other nations 
than the UK, from where its data was collected, could as well be determined by further 
studies. Similarly, with this study identifying several design strategies, it is expected that 
further studies established key design strategies that are critical to designing out construction 
waste and prevention of waste inducing activities.  
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